Abstract: Hydroxyapatite Ca 10 (PO4) 6 (OH) 2 
Introduction
Hydroxyapatite (HA) is one of most important market valued candidate biomaterial which is still in use since decades in medicine and dentistry applications. HA with chemical formula Ca 10 (PO 4 ) 6 (OH) 2 , assembling the main mineral components of bones and teeth, is among the leading biomaterials satisfying these requirements [1] . Synthetic HA has excellent biocompatibility due to its chemical stability with the mineral portions of hard tissues as well as its ability to constitute chemical bonding with surrounding tissues [2] . In medical and dental fields, the major application of this material is as bone graft, where HA is used to promote the growth of new bone. The successful growth of new bone tissue requires HA being biodegradable and bioresorbable. These characteristics are influenced by crystal size and crystallinity. The solubility of hydroxyapatite increases from crystalline to amorphous and with a reduction in crystal size. Many methods for synthesis of HA have been reported such as solid-state reaction, sol-gel, wet synthesis and hydrothermal methods. The keys factors for getting controllable aspect ratios and bioactivity are: the reaction temperature, the pH and the concentration of reactants. The properties of HA affect the efficiency of the powder in its ultimate applications [3] . All these properties of HA powders were depended on which process was performed. In particular, wet-chemical precipitation is the most complicated method [4, 5] . The wet-chemical precipitation was originally investigated by Jarcho and co-worker in 1976 [6] . Previously, the precursors of Ca and P are Ca(NO 3 ) 2 4H 2 O and (NH 4 ) 2 HPO 4 or (NH 4 )H 2 PO 4 respectively [7, 8] . Only a few authors [9] selected Ca(OH) 2 and H 3 PO 4 as precursors. The correlation between the precipitation conditions and the properties of the powder was not found [10] . The disadvantages of the choice of the first series of precursors are the inevitability of rinsing several times with a greater amount of distilled water in order to eliminate the ammonium nitrate [11] , and also, a greater amount of ammonia to make the Ca(NO 3 ) 2 solution potently alkaline. Liou and al. [12] demonstrated that the activation energy of the β -TCP Ca 3 (PO 4 ) 2 (tricalcium phosphate) phase formation in systems with H 3 PO 4 as the P source was lower than those with (NH 4 )H 2 PO 4 .
In this work Nano-size Hydroxyapatite powders were prepared by the wet chemical precipitation method but it is not a neutralization reaction. The calcium hydroxide and orthophosphoric acid solution are calcium and phosphorus precursors respectively. The Ca/P molar ratio of initial reagents is equal to 2.5. The use of this ratio means that the pH of the reaction mixture is self-buffered with high pH between 10 and 12. So we don't need the addition of any base such as ammonium hydroxide NH 4 OH as reported in the literature.
However, the latter choice seems to be the most suitable because the only product is water [13] .
The aim of the present study was to find the effect of sintering temperature on the crystallinity, crystallites size and phase composition of hydroxyapatite powders.
II.
Materials and methods
Powder synthesis
All of the powders were synthesized using a Ca/P molar ratio with the same value 2.5. The powders were prepared by conventional aqueous precipitation method. Briefly, orthophosphoric acid (H 3 PO 4 ) aqueous solution was added drop by drop (150 μl/s) into calcium hydroxide Ca(OH) 2 under-stirring aqueous suspension in all procedures. The purity of the starting materials was considered in the calculation of the concentrations of the solutions. The temperature of both the solution and the suspension dissolved in deionized water were controlled. The suspension was continuously stirred. After the total addition of the H 3 PO 4 solution, the pH remained greater than 10 (no ammonia was therefore added) and the suspension was continuously agitated for an additional 2 h at the same medium temperature and then matured over a period of 48 h at ambient temperature.
These matured suspensions were decanted and subjected to thermal treatment at 90°C for 24 h and ground to a fine powder in an agate mortar. The resulting oven-dried precipitates were calcined at a range of 300-1000°C in a dry air atmosphere using a ramp of 5°C/min with a soaking time of 1 h at peak temperatures, and then cooled in a furnace to ambient temperature at a cooling rate of 10°C/min.
Characterization
Crystalline phases were identified by means of a Shimadzu 6100 X-ray diffractometer (XRD) using CuKα radiation and operating at 40 kV and 30 mA. XRD patterns were collected over the 2θ range of 10-60° at a step size of 0.02° and counting time of 0.5°/mn. Crystalline phases detected in the patterns were identified by comparison to standard patterns from the ICDD-PDF [14, 15] . Rietveld analysis was performed on the XRD of HA900 powder by using a Fullprof suite-2010 software program.
The functional groups present in the prepared powder calcined at 900°C were identified by FTIR (Vertex 70 Spectrometer). To perform a IR spectrum, 1% of the powder was mixed and ground with 99% KBr. Tablets of 10 mm diameter for FTIR measurements were prepared by pressing the powder mixture under 5 tons for 2 min and the spectrum was taken in the range of 400 to 4000 cm -1 with resolution 4 and 128 times scanning. TG/DTA (Model Lapsys DSC-DTA/TG SETARAM) were performed in an air atmosphere only on the starting chemicals of our powder synthesis route over the range of 30°-1000°C, with a scan rate of 20°C/min. Transmission electron microscopy (TECNAI G2/FEI), operating at an accelerating voltage of 200 kV, was used to observe the powder morphology.
III.
Results and discussion X-ray diffraction patterns of all HA samples treated at different temperature are shown in Figure 1and The presence of CaO after heat treatment is in agreement with the results reported by Kutty [15] , Skinner [16] and A. Costescu [17] . With the increase of the calcination temperature HA would have started losing hydroxyl groups forming various phosphates. The proposed reaction is [14] :
The presence of CaO in hydroxyapatite ceramics, designed for medical applications cannot be accepted. In contact with water molecules CaO, if is present in ceramic, converts into calcium hydroxide. That results in gradual tension and hair cracks in the ceramic material. The swelling and the disintegration into individual particles can also generate strong alkalinity in the implant environment [18] .
The Ca 3 (PO 4 ) 2 phase cannot be seen in the XRD pattern of the sample annealed at 1000°C. The presence of the β-Ca 3 (PO 4 ) 2 can be detected only by the slight shoulder on the left hand side of HA (211). In our case, we have not a β tricalcic phosphate.
The CO 3 -2 ions possibly penetrated the low crystallinity HA as a common contaminant from the atmosphere during the precipitation process, because the reactor was freely exposed to air in the present experiment and small part of the PO 4 (B-type) groups in the apatitic structure was replaced by CO 3 . The dissolution of carbon dioxide from the atmosphere occurs by the following reaction: CO 2 (g) + OH -(aq) → CO 3 -2 (aq) + H 2 O (2) It has been established that at elevated temperatures carbonate groups are decomposed. As a result CO 2 has been emitted and free calcium oxide CaO has been formed [19] : In order to obtain a pure HA in this study, the calcining temperature selected should be below the temperature of 1000°C. As shown in Figure 3 . The mean crystallite size (L) of the particles was calculated from the XRD line broadening measurement using the Scherrer equation (1) [19] :
Where L is the mean dimension of the homogeneous crystallites along an axis perpendicular to the hkl system considered, β (in radians) is the width at half maximum, K is the Scherrer constant approximation close to 0.89, λ is the corresponding X-ray wavelength, θ is the positon of the peak in degrees. In the case of HAP, the Scherrer equation is relative to a single peak (211).
An estimation to crystallites size for hydroxyapatite powders, according to Scherrer`s formula reveals a proportional increase of crystallite size from 18 nm to 56 nm with increasing of the heat treatment temperature from 90 -1000°C. The estimated crystallites size of hydroxyapatite are in according with data obtained regarding the crystallinity degree. The fraction of crystalline phase (Xc) of the HA powders was evaluated by the following equation, Eq. (2) [20] : X C = 1 -ν 112/300 /I 300 (2) Where I 300 is the intensity of (3 0 0) diffraction peak and ν 112/300 is the intensity of the hollow between (112) and (3 0 0) diffraction peaks of HA.
The crystallinity degree increases from 35% to 94% the heat treatment temperatures from 90°C to 1000°C. It could be observed that both the crystallite size and crystallinity increase with the calcination temperature. FTIR patterns presented in Figure 4 . confirm the formation of HA calcined at 900°C. The DTA and TGA curves for the hydroxyapatite powder after drying are illustrated in Figure 5 , we can see two endothermic peaks at 97°C and 185°C which correspond to the loss physically of absorbed water molecules and the removal of cristallized water. The weight loss is about 7.5 % by weight, with increasing temperature from 400 to 620°C no significant wt. loss was observed and no peak has been detected, except an exothermic peak is observed at the DTA curve at 450°C could be due to a crystallization process of the powder. The weight loss of 2% between 600 and 800°C is assumed to be resulted gradual dehydroxylin of the hydroxyapatite powder. This can be explained by the following reaction (4) Figure 6 . It reveals that the sample present a rod-like morphology with sizes about 30-50 nm in the short axis and 70-180 nm in the long axis. The growth of hydroxyapatite rods usually occurs along the c-axis [25] . It can also be seen that the calcined powder exhibited high tendency to agglomerate.
IV. Conclusion
The novel method for the synthesis of hydroxyapatite powders led to obtaining a product with a high degree of crystallinity and purity. The crystallinity degree was greater than 94%. The X -ray diffraction analysis reveal the presence of insignificant amounts of calcium oxide as secondary phase identified in the powder treated at 1000°C. Rietveld analysis also revealed high purity and the dimensions of the unit cell of calcined HA, indicating a hexagonal structure. The IR spectrum confirms the formation of hydroxyapatite and suggest the presence of CO 3 2-in hydroxyapatite structure. In order to obtain pure HA in this study, the temperature selected for calcination should be below 1000°C.
